Transcriptome and Proteome Dynamics of the Cellular Response of Shewanella oneldensisto Chromium Stress
S. Deshpande?, J. Zhou?, and

S. D. Brownl, K. Chou

D. K. Thompson? (PI)

ey, M. Thompson22, N. C. VerBerkmoes?*3, R. L. Hettich?, S. Seal*

1Environmental Sciences Division and 2Chemical Sciences Division, Oak Ridge National L aboratory, Oak Ridge, TN; 3Graduate School of Genome Science and Technology, University of Tennessee-Oak Ridge National
Laboratory; “Advanced M aterials Processing and Analysis Center, University of Central Florida

ABSTRACT

The overall goal of thisDOE NABIR project isto characterize the molecular basis and regulation of hexavalent chromium [Cr (VI)] stress
response and reduction by Shewanella oneidensis strain M R-1. Temporal genomic pr ofiling and mass spectrometry-based proteomic
analysis wer e employed to char acterize the dynamic molecular response of S. oneidensis M R-1 to both acute and chronic Cr(V1) exposure.
The acute stress response of aerobic, mid-exponential phase cells shocked to a final concentration of 1 mM potassium chromate (K,CrO,)
was examined at post-exposur e time intervals of 5, 30, 60, and 90 min relative to untreated cells. The transcriptome of mid-exponential

cultures was also analyzed 30 min after shock doses of 0.3, 0.5, or 1 mM K ,CrO,. The tonB1-exbB1-exbD1 genes comprising the TonB1iron

transport system wer e some of the most highly induced coding sequences (CDSs) after 90 min (up to ~240 fold), followed by other genes
involved in heme transport, sulfate transport, and sulfur assimilation pathways. I n addition, transcript levelsfor CDSswith annotated
functionsin DNA repair (dinP, recX, recA, recN) and detoxification processes (so3585, so3586) wer e substantially increased in Cr (VI)-
exposed cells compared to untreated cells. By contrast, genes predicted to encode hydr ogenases (HydA, HydB), oxidor eductases (SO0902-
03-04, SO1911), iron-sulfur cluster binding proteins (SO4404), decaheme cytochromec proteins (MtrA, OmcA, OmcB), and a number of
LysR or TetR family transcriptional regulator s wer e some of the most highly repressed CDSs following the 90-min shock period.
Transcriptome profiles gener ated from MR-1 cells adapted to 0.3 mM Cr (V1) differed significantly from those char acterizing cells exposed

to acute Cr(VI) stresswithout adaptation. Parallel proteomic char acterization of soluble protein and membr ane protein fractions extracted

from Cr(VI)-shocked and Cr (VI)-adapted M R-1 cells was per for med using multidimensional HPL C-ESI-M S/M S (both LCQ and LTQ
instruments used). With LTQ, we wer e able to substantially increase proteome cover age by at least two-fold compared to LCQ analysis.
These studies provide important insightsinto cellular chromium tolerance. Future research will focus on the structural and regulatory
genesimplicated in Cr(VI) reduction and detoxification.

METHODS

Bacterial Growth Conditions and Total RNA | solation. For time-series microarray experiments, batch cultures of S. oneidensis M R-1 wer e grown to mid-exponential
phase (ODgy, 0.5) under aerobic conditionsin LB medium, followed by the addition of 2M K,CrO, to afinal concentration of 1 mM. Untreated control cultures were
grown in parallel with treated cultures. Control and treated cells were harvested for total cellular RNA extraction at 5, 30, 60, and 90 min post-K ,CrO, addition using
the TRI zol reagent.

Microarray Data Analysis. Array hybridization signals wer e quantified using | maGene version 5.5 (Biodiscovery, I nc.), followed by data transfor mation and

nor malization using the trimmed geometric mean method in GeneSite Light. ArrayStat™ (I maging Research, I nc.) was used to determine the common error, remove
outliers, and deter mine statistical significance. Genes exhibiting significant (p<0.05) changes in expr ession wer e further analyzed using the program Hierar chical
Clustering Explorer version 3.0.

Chromate Reduction Assaysand M etal Analysis. Residual chromate was measured using the 1,5-diphenylcar bazide method (Park et al., 2000) at 540 nm. T he effect of
the growth medium (LB) on potassium chromate was examined using a Varian (Cary-1E) UV-Visible Spectrophotometer. UV-Vis spectra were collected for K,CrO, in
LB at 5, 10, 30, 60, 90 min, and 24 h with referenceto K,CrO, in DI water. The surface chemistry of chromate in LB was char acterized using a PHI 5400 X-ray
photoelectron spectrometer at a base pressure of 10-10 Torr. Control samples of Cr*® and Cr+3 were run as standards.

Proteomic Analysis. For all compar equal quantities of WT and Cr-treated cell lysates wer e digested with sequencing-grade trypsin, desalted, and
concentr ated. All sampleswer e run in duplicate by L C/LC-ES-M S/M S on a quadr upole ion trap mass spectrometer (Ther mo Finnigan LCQ) and asingletimeon a
linear ion trap mass spectrometer (Thermo Finnigan L TQ). All datasets wer e sear ched with SEQUEST, filtered and sorted with DT ASelect [minimum Xcorrsof 1.8
(+1), 25 (+2), 3.5 (+3)], and compared with Contrast. Differ entially expressed proteins wer e extracted based on differ ences of 30% sequence cover age and/or four
unique peptides between the WT and chromate-treated samples.

RESULTS
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FIG 2. XPS spectra obtained for (A)KszO,un\yamj(B)KszO,m LB medium for 24 h. In both
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FIG 1. UV-Visspectral analysis of potassium chromate (K ,CrO,) in LB cases.

medium (no cells) over time.
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FIG 4. Chromate (K ,CrO,) remainingin uninoculated LB
FIG3. Doseresp owth cur the toxicity of potassum Crog for S. R-L. (A)

medium and in mid-log phase, aerobic cultures of S. oneidensis
The minimal inhibitory concentration (M IC) of K ,CrO, for MR-1 determined in LB broth under aerobic growth conditions MR-1.
at 30°C after 48 h. (B) Growth curves of MR-1 over 48 hiin LB medium containing the following final concentrations (mM)
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TABLE 3. Summary of Proteome Analysis
No. Proteins No. Proteins
Identified Identified Avg. Sequence

Condition Instrument 1pep* 2pep* Coverage (%)
Control 1 LcQ 1318 804 2866
45 min shock LcQ 1238 816 3177
Control 2 LcQ 1368 959 3163
9minshock  LCQ 1267 856 3184
Control 1 LTQ 2294 1665 3260
45 min shock LTQ 2288 1723 3328
Control 2 LTQ 2308 1751 3314
90 min shock LTQ 2201 1700 3279
TOTAL 3015 2177

LCQ: Thermo Finnigan ES-quadrupole ion trap
LTQ: Thermo Finnigan ES-inear ion trap.
“Identified with at least 1 peptide per protein.
“Identified with at least 2 peptides per protein
protein at
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TABLE 2. Protein Abundance Profiles for Highly Up-Regulated Genes
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FIG.5. Completelinkage dustering analysis of 910'S. oneidensis MR-1 genes
exhibiting altered mRNA expression levelsin responseto 1 mM K ,CrO, exposire
over time. Transcriptional profilesare shown at 5, 30, 60, and 90 min post-K ,CrO,
shock. Individual genesare represented by a single row and each exposure time point
of induction; green

and periods indicate residues with a lower level of similarity. The characteristic ignature o the
LA i S e e
possess chromate

jith ChrR an
redumaseamvny(Ackaley etal., 2004; Perk e al., 2000, 2002).

90 min post exposure

57 148 314 =
121 436 57.6 Putative conser ved domain detected in SO3585
0 0 0 PNADPH-dependent FMN reductase
0 275 201

275 60.1
S 173 Azobenzeneredtctas fom Bacillus sbiis.
° Girs 510 Oridoreductas.
3 k 5 Adinganaher it cgmalscompaundsssdonars

it ) +) as accept

93 7 716 (+) o P(+) as. or.
0 12 135 EC.17.16 Azobenzenereductase.
0 181 204 Resctlon: NN -1 ran/ensdarine« miine - NADRY)
0 ) ) 4-{dmethyiamino)azobenzene+ redph.
0 628 631
o 5 0 FIG. 7. Predicted 3D structure of SO3585
0 53 729 .
e i & Hydrophobicity plot of : o

503587 (annotated
hypothetical protein)
using SOSUI (Mitakuet It Er n 1:
al., 2002). Predicted
transmembrane domain is
boxed.

Proteins from Shewanella species showing
similarity to MR-1 S03585, S03586 and So3587

using BLASTP IGIALIFADVSLYLAYFFVGLGV

o ity GRAL gome asagnatony MR-1 proteins SO3585
(azor eductase), SO3586
(glyoxalase family protein),
and SO3587 (hypothetical
protein) wereall found in
theLTQ data: (1) SO3585
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membr ane fractions, (2)
S03586 in both the crude
and membrane fractions,
and (3) SO3587 only in the
membrane fraction.
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CONCLUSIONS & FUTURE RESEARCH

» Global temporal alterationsin the transcriptome and proteome of S. oneidensis M R-1 upon 1 mM potassium chromate exposure
weredetermined in order to understand the cellular response to acute chromate stress. Genes and their corresponding protein
products involved in iron and sulfate transport, cellular detoxification, and DNA repair wer e up-regulated in responseto acute
Cr (V1) exposure. Transcriptome profiles gener ated from cells adapted to 0.3 mM K,CrO, (for 24 h) differed markedly from those
characterizing cells exposed to acute Cr(VI1) stress without adaptation (data not shown).

v

Many of the proteins found to be up-regulated at thetranscript level were found to have reproducible dramatic differences in %
sequence cover age, # of unique peptides, and spectral count (all relative indicators of protein abundance). The new linear ion traps
allow for a much greater detailed analysis of the proteome with ~2-3 times the proteome cover age allowing for comparisons of low
abundance proteins not identified by conventional quadrupole ion traps. Replicate analyses of proteome samples with the linear ion
trap are on-going.

v

Chemical analysis indicated that Cr remains predominantly in the +6 oxidation state in LB medium (no cells) over the time cour se
examin

v

MR-1 orthologs of known member s of the LexA regulon (recX, recA, recN, and dinP) of E. coli were induced in responseto Cr(VI)
exposure.

v

Molecular link between Cr exposure and iron/sulfate transport is being examined further

v

Deletion mutants defective in the structural gene so3585 and a DNA-binding response regulator have been created for strain MR-1
and are currently being char acterized. Thiswork hasrevealed other key genetargets for mutagenesis.

> Wearein the process of investigating the possibility that SO3585, SO3586, and SO3587 form a protein complex anchored in the
cytoplasmic membrane (by SO3587) that is involved in detoxification.



